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Abstract 
Background: Increasingly, evidence supports oral feeding of very-low-
birth-weight (VLBW) preterm infants exclusively at breast or with 
breastmilk. Despite known breastmilk benefits, outcomes related to 
exclusive breastmilk provision are poor. Identifying factors that promote 
breastmilk provision is critical.  
 
Purpose: Breastfeeding practices of mothers of VLBW infants admitted to 
neonatal intensive care unit (NICU) were explored to identify factors 
associated with mode of feeding at discharge. 
 
Method:  
This retrospective study replicates previous work. Subjects were VLBW 
preterm infants consecutively admitted during a 24-month period. Primary 
outcomes included receiving any breastmilk at discharge. Infant variables 
included gestational age (GA), post-menstrual age (PMA) of first direct 
breastfeeding, and co-morbid conditions. Maternal variables included age 
and ethnicity. Nursing practices variables included first direct-to-breast 
feeding, number of times to breast daily and total direct-to-breast feeding 
encounters 24 hours prior to discharge. 
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Results: 96 VLBW infants (28.7 ± 2.8 weeks GA) met inclusion criteria. Of 
these, 48% received breastmilk at discharge. Controlling for significant 
effect of length of stay, infants receiving first oral feed at breast were more 
likely discharged home receiving breastmilk (adj OR 8.7, 95% CI 2.9-32.3, 
p<0.0001). There was both an independent effect of first oral feed at 
breast, and an interaction where infants of non-married women also 
benefited from the first oral feed at breast.  
 
Implications: Significant associations were found between first oral 
feeding at breast and infant receiving any breastmilk at discharge. 
Targeting VLBW infants to receive first oral feeding at breast may yield the 
best outcome even among sickest and smallest infants. 
 
Keywords: breastmilk, breastfeeding, very low birthweight preterm 
infants, premature infants, exclusive breastfeeding 
 
What this Study adds: 
• First oral feed being directly at breast increases the odds of 
continuing to provide some breastmilk through discharge; 
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• Provision of multiple (more than one) direct-to-breast feeds per day 
also positively correlated to some continued breastmilk provision 
through discharge. 
Introduction 
 
As technology advances, greater numbers of very low birth weight 
(VLBW) preterm infants are surviving. At the same time, research 
supporting breastmilk feeding has gained momentum. The benefits to 
feeding VLBW preterm infants exclusively with breastmilk may be 
improved when the feedings are provided directly at the breast or with 
lengthier provision of breastmilk via breast or bottle. Among others, 
benefits include  decreased rates of necrotizing enterocolitis and fewer 
days requiring total parenteral nutrition.1 Evidence indicates that VLBW 
preterm infants who received mother’s own milk experienced reduced 
incidence of late-onset sepsis, necrotizing enterocolitis, chronic lung 
disease, retinopathy of prematurity, decreased lengths of NICU stays and 
reduced rehospitalization rates.2-9 These benefits are related to the natural 
immunity breastmilk confers, as well as improved myelination of neurons 
via docosahexaenoic acid(DHA) and the improved mother-infant bonding 
via oxytocin.2-9, 24, 25 These are critical to improving the health outcomes 
and quality of life for these very fragile infants. These findings are the 
basis for the World Health Organization in their 2011 statement which 
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calls for exclusive breastmilk feedings for all infants in at least the first six 
months of life to achieve optimal growth, development, and health.10 For 
VLBW preterm infant-mother dyads, this can be particularly challenging 
since it may be weeks or even months before the infant is able to tolerate 
oral feeds. Instead, these infants often receive gastric feedings until such 
time as they are able to coordinate the suck/swallow/breathe action 
required for oral feedings. An unfortunate result of this late introduction at 
the breast is that in many cases the mother’s milk supply has declined 
during the several weeks of breast pumping.11 In addition to the delay in 
infant’s readiness to feed, caregiving practices and/or experiences in the 
NICU may also affect initiation of direct-to-breast-feeding, thus identifying 
those practices is critical.12 This vulnerable population stands to 
significantly benefit from the conferred immunity and easily digestible 
nutrients found within breastmilk. Thus, the purpose of this study was to 
explore maternal breastfeeding practices of VLBW preterm infants (≤1500 
grams) admitted to the neonatal intensive care unit (NICU). Specifically, 
we intended to identify nursing and parental caregiving factors associated 
with mode of feeding at discharge. 
This study used a retrospective descriptive design and is a 
replication of one conducted by Pineda.13 Pineda’s study used a 
retrospective cohort of 84 VLBW infants discharged from a Level II and III 
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NICU in a mid-sized southern city. Our sample size was larger (n=96), and 
took place in a level IV NICU in an urban New England hospital where 
excellent breastfeeding support existed. Pineda examined associations 
between breastmilk feedings at NICU discharge and whether an infant 
was ever put directly at breast in the NICU, number of times the infant was 
put directly to breast, whether the first oral feed was directly at breast, 
and, gestational age at first direct-to-breast feed (for both studies, breast 
milk provision is defined as delivery of nutrients in breastmilk whether by 
bottle, directly-at-breast or a combination). Although it is a challenge for 
mothers to pump breastmilk until such time as the infant is able to orally 
feed,14 once direct breastfeeding begins, mothers are better able to 
continue providing breastmilk through discharge. 13 One of the key findings 
of Pineda’s study was that of the mothers who were able to provide their 
infants’ first oral feed at breast, 60% were still providing breastmilk upon 
discharge. In contrast, of the mothers whose infants did not receive their 
first oral feed at breast, only 30% were still providing breastmilk upon 
discharge indicating a potential association between first oral feed being 
provided directly at breast and the ability to continue providing breastmilk 
until discharged home. Pineda’s findings did not reach statistical 
significance, prompting her to suggest that a larger sample size might 
provide enough statistical power to validate this finding. We found these 
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findings striking. These interesting findings provide the basis and rationale 
for our replication study. Using the results of Pineda’s study, we 
questioned whether our results would be at least similar if not significantly 
better given our larger sample size and increased resources for supporting 
lactating mothers in the NICU. Thus, our specific aims and research 
questions were: 
Specific Aim 1: Examine recent practices of mother’s who breastfed their 
VLBW preterm infants in the NICU. 
Research question 1: Will at least 90% of mothers provide some 
breastmilk in the first week of life? 
Research question 2: Will at least 30% of mothers who initiated 
breastmilk feedings in the first week of life will still be providing 
some breastmilk at discharge from the NICU? 
Specific Aim 2: Identify nursing and parental caregiving factors that may 
encourage or inhibit continued provision of breastmilk or breastfeeding. 
Research question 3: Will incidence of continued breastmilk 
provision at discharge positively correlate with first oral feeding at 
breast (direct-to-breast feeding)? 
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Research question 4: Will incidence of continued breastmilk 
provision at discharge positively correlate with receipt of any direct 
breastfeeding? 
Methods 
Study Design and Setting 
This retrospective chart review replicates previous work and was 
approved by the Institutional Review Boards (IRB) of a university and the 
subject hospital. The benefit of conducting an independent replication 
study is that it allows us to “verify an empirical generalization” by 
introducing modifications.15 Pineda indicates that a larger sample size 
might further elucidate the trending significance she found, thus, we used 
a larger sample size of 96 VLBW infants. While replication studies are 
often cast aside in favor of original work, replication provides necessary 
feedback among scientists. In 1975, Finifter elaborated saying: 
“The fundamental process of scientific communication feedback 
consisting of continual dialogues among researchers over the 
production of knowledge whose authenticity and value depend on 
empirical demonstrations of (a) its reproducibility; (b) its validity; (c) 
its generalizability over a specified range of instances and contexts; 
and (d) its extendibility by logically consistent inferences to 
additional consequences (p. 122).”16 
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Data collection was conducted at a level IV 32-bed urban NICU in 
New England. The study setting is relatively unique in that there are three 
Internationally Board Certified Lactation Consultants providing clinical 
support related to milk expression and breastfeeding from 8 a.m. to 8p.m., 
seven days per week. In addition, almost a third of the staff nurses 
working in this NICU also hold certification as lactation consultants. 
Sample Selection 
Preterm infants were included if they were consecutive new 
admissions born during a 24-month period (May 1, 2011 - May 1, 2013) 
with a birth weight equal to or less than 1500g. See Table 1 for exclusion 
criteria. 
--Insert Table 1. Exclusion Criteria-- 
  
Procedures 
Informed consent was waived given this was a retrospective review 
and no identifying information were being collected. At the study site, 
volume and mode of infant feeding were documented within each infant’s 
chart by nursing staff. Those who were bottle-fed (formula or breastmilk) 
simply indicated the number of milliliters consumed while infants who fed 
directly-at-breast were weighed prior to feeding and immediately after 
feeding to determine the amount consumed. A retrospective chart review 
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was conducted by the first author. In addition, a second investigator, 
blinded to the research questions, reviewed each chart. Inter-rater 
reliability was 96% agreement. From the charted documentation, infant 
characteristics included whether the infant was ever put directly to breast, 
gestational age at the first feeding at breast, number of times the infant 
was put directly to breast, and whether the infant received breast milk 
exclusively within the last 24 hours prior to discharge. The primary 
outcome was percent of infants receiving breastmilk within the 24 hours 
prior to NICU discharge, either exclusively from the breast or a 
combination of direct breastfeeding and breastmilk by bottle. 
Statistical analysis was conducted using JMP, version 11, SAS 
Institute, Cary, NC. Descriptive statistics were calculated for all measures. 
The association of breast milk feeding at discharge with number of breast 
milk feedings per day and maternal, infant and environmental factors were 
evaluated with statistical tests appropriate for level of measurement, 
including Kruskal-Wallis, one-way non-parametric analysis of variance, 
student t test or chi square. Logistic regression models with any breastmilk 
at discharge as the dependent variable were evaluated, and dichotomized 
(median) variables retained in the model according to the percent change 
in the model log likelihood ratio. The final model contained only predictors 
with the probability of error <0.05 and a whole model p<0.05.Finally, we 
Caregiving Factors Affecting Breastfeeding in NICU
   
 
12
dealt with redundancy in the maternal variables resulting from the multiple 
gestations by randomly eliminating one delivery from the maternal data (or 
two in the one case of triplets) and testing the regression models 
separately. In all cases, the effect sizes for predictor variables were the 
same. The results shown are for all 96 infants. 
Results 
 The final study cohort consisted of 96 VLBW preterm infants and 87 
mothers. Please see Figure 1 for additional cohort information. Of the 96 
infants discharged directly from the study site during the 24-month data 
collection period, 95 received at least one feeding of their mother’s own 
milk (99%) during the first week of life, thus supporting research question 
#1, and 60 of those went directly to breast for at least one feed (66%) 
when developmentally able. Forty-six infants (48%) were discharged 
receiving some breast milk whether direct-to-breast or breastmilk via 
bottle, thus supporting research question #2. In addition, the sample size 
of 96 had >90% power (0.05 significance level) to detect a difference 
between first oral feed being direct-to-breast and receiving breastmilk at 
discharge. 
 
-- Insert Figure 1. Diagram of Infant Participants and Outcome -- 
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The range of gestational age at birth was 24 weeks to 37 weeks, 
(28.8 ± 2.9 weeks). Birth weights ranged from 484 to 1490 grams, (1024 ± 
268 grams). Please see Table 2. for more details of study infants. Among 
mothers, 63% of the sample (n=55) were Caucasian (includes those of 
Hispanic ethnicity), 26% (n=23) were African-American.  One quarter 
(n=22) identified as Hispanic. The majority were married (self report) 
(n=51) 59%. The average age at delivery was 28.5 ± 6 years.  
 
-- Insert Table 2. Infant Characteristics and Table 3. Comparison of Infants 
Who Were or Were Not Receiving Breastmilk at Discharge-- 
  
Thirty-eight infants (40%) had their first oral feed direct-to-breast. 
First oral feedings direct-to-breast took place between 31 and 37 weeks 
PMA (M = 33.9 ± 1.0 weeks). Fifty-nine percent of mothers who were able 
to provide their infant’s first oral feed direct-to-breast were discharged still 
providing any breastmilk (27 of 46 mothers) thus, supporting research 
question #3. Forty-two infants in the study sample received multiple oral 
feeds at breast daily. Of these 34 were discharged receiving at least some 
breastmilk. Among the 19 mothers whose infants did not receive their first 
oral feed direct-to-breast but were discharged providing at least some 
breastmilk, 10 initiated multiple direct-to-breast feedings per day (mean 
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number of direct-to-breast feedings during the entire NICU stay and s.d. 
were 15 ± 22). Of those 10 mothers providing multiple direct-to-breast 
feeds per day, 8 were discharged still providing breastmilk to their infants 
thus, supporting our research question #4 about the importance of 
supporting multiple breastfeeding opportunities during the NICU stay.   
 
-- Insert Table 3. Comparison of Infants Who Were or Were Not Receiving 
Breastmilk at Discharge – 
 
 Table 3. provides the associations among study variables with the 
main study outcome (infants receiving at least some breastmilk at NICU 
discharge). Mothers who were still providing some breastmilk at discharge 
were older and more likely to be married. There was no direct relationship 
with ethnicity. They were less likely to have delivered vaginally. Infants in 
this group were somewhat larger at birth, though they did not differ in 
gestational age at first oral feed from infants who were not discharged 
receiving breastmilk. They were less likely to have needed surfactant and 
were discharged, on average, 22 days earlier. p<0.0001. 
We found a significant relationship between whether the first oral 
feeding was directly at breast and the likelihood the infant was still 
receiving any breastmilk at discharge (p=<0.0002). Other caregiving 
Caregiving Factors Affecting Breastfeeding in NICU
   
 
15
factors associated with breastmilk feeding at discharge (not shown in 
table) included whether the infant was ever directly breast-fed during the 
NICU stay (p=<0.001) and the number of times the infant was put directly 
to breast (p=<0.003).  
 
 Multiple logistic regression identified the independent contribution 
of infant and maternal characteristics to the outcome of any breastmilk at 
discharge. In order to avoid problems of multicolinearity, each of the 
caregiving factors associated with breast milk feeding were evaluated 
separately and the one with the largest impact (log likelihood chi square) 
was retained. As shown in Table 4, length of stay <60 days (median) and 
first oral feed to breast were independently associated with the outcome, 
with the odds of breastfeeding at discharge at 4.65 and 8.7, respectively. 
Mother’s marital status was not associated independently; rather, the 
influence of first oral feed at breast was significant for unmarried mothers 
only. Maternal age, infant comorbid conditions, birthweight and other 
maternal characteristics were not associated with outcome. 
  
 The primary findings of this study indicate that a VLBW premature 
infant’s odds of being discharged still receiving breastmilk correlate to a) 
first oral sucking feed being directly-at-breast; and, b) the mother putting 
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the infant directly-to-breast multiple times per day. While it is not possible 
to know the exact reason behind the correlation of first oral sucking feed at 
breast and likelihood of providing breastmilk through discharge, we can 
infer that it is a combination of maternal feelings of self-efficacy, being 
able to provide for her infant and the unique sense of well-being and 
bonding that occurs between mother and child through the neuro-
endocrine release of oxytocin.24  
Receiving multiple direct-to-breast feeds per day was also 
correlated with receiving some breastmilk at discharge. It is important to 
note that most of those infants who received multiple direct-to-breast 
feeds per day and were discharged receiving some breastmilk, were on 
average larger at birth and more likely to be delivered vaginally as 
compared to infants not receiving any breastmilk at discharge. 
Additionally, these larger infants were less likely to have received 
surfactant for risk of respiratory distress syndrome (RDS) and had shorter 
lengths of stay in the NICU (see Table 3.). While we note that these 
infants were more healthy and/or larger in size, all infants included in this 
study were ≤1500g at birth (see Table 1).  
Interestingly, data analysis showed that un-married mothers who 
provided their infant’s first oral feed directly at breast were 12 times more 
likely to be discharged still providing breastmilk via direct breastfeeding or 
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bottle. These mothers are more likely to have had less prenatal care, be 
younger, lower belief in self-efficacy and have less breastfeeding 
education.26-28   Our findings may be a result of the significant lactation 
support provided at this site. 
Of the 48% of mothers who continued to provide breastmilk until 
discharge, 100% of these mothers provided at least one direct-to-breast 
feeding in the 24 hours prior to discharge. It is possible that the rationale 
for our results relates to the uniqueness of the setting and the amount of 
lactation support provided to NICU mothers. We believe these finding 
provide important support for increasing the degree of lactation support in 
the NICU. 
In Pineda’s study (2011) 16.4% (n=11) of mothers who initiated 
breast milk feedings in the NICU had their first oral feeding directly at the 
breast. Our findings substantiate Pineda’s trend that first-oral-feed at 
breast correlates with the infant continuing to receive breastmilk upon 
discharge. We found that infants who received their first oral feeding 
directly at breast were 8 times more likely to continue to receive breastmilk 
feedings until discharge from the NICU. Gestational age was not a 
significant factor in our analysis. These findings suggest that targeting 
VLBW infants to receive their first oral feeding at breast may yield a 
significant benefit, even among the smallest and sickest infants. While 
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cue-based feeding has become the feeding method of choice in many 
NICUs17, waiting or facilitating the mother to be present for the provision of 
the first oral feeding may be more important to overall long term infant 
outcomes. Finding ways to best support mother’s presence during this 
transition needs to be a focus of our caregiving.  
A recent nurse-based initiative focusing on improving provision of 
direct-at-breast feedings at the Winnie Palmer Hospital for Women & 
Babies in Orlando, Florida has had significant success.24 This initiative 
encouraged NICU mothers to continue breast pumping until babies were 
able to orally feed. The mothers were asked if they wanted their baby’s 
first oral feed to be at breast and if so, a sign was placed on the crib to 
indicate this desire and also served as a reminder to both mother and 
staff. Nurses who promoted mothers to achieve the first oral feed at breast 
were recognized on a “celebration board”. Six months after the initiative 
began, 92% of mothers were providing their first oral feed at breast and, of 
those participants, 92% of infants were discharged receiving maternal 
breastmilk.24 Integrating this initiative into a policy change and thus, 
provides support for mothers to offer the first oral feeding directly at breast 
would be a next step in making this caregiving practice a routine behavior 
in the NICU. More research around this issue is needed to better 
understand the risks and benefits of these caregiving practices.  
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Recently, Maastrup et al’s team had similar findings. Their study 
found that 95% of preterm infants who were discharged exclusively 
breastfeeding received their first oral feed directly from the breast.18  
These findings, combined with ours and others who have investigated the 
challenges of breastmilk provision support implementing breastfeeding 
activities and protocols within the NICU-19. However, it is important to note 
that the Maastrup’s study was conducted in Sweden where family 
centered care and breastfeeding practices are integrated differently than 
in the United States. Initiatives such as the Baby Friendly initiative are 
paving the way for more support of mothers who are providing breastmilk 
or breastfeeding.  Even more important, decreasing mother-infant 
separation has implications for more positive infant development on many 
fronts, including increased milk production, better maternal identity, 
decreased maternal anxiety and depression as well as better infant 
neurodevelopment18. How we facilitate “family” has implications both in the 
NICU and after discharge. Continuity of breastfeeding must be an aspect 
of the transition from the NICU to the community and must be facilitated 
by both NICU providers and those who will follow the family after 
discharge.   
Our second finding indicates that even if a mother is unable to 
provide her infant’s first oral feed directly-at-breast, if she is able to 
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provide multiple direct-to-breast feeds per day, there is greater likelihood 
that she will still be providing some breastmilk at discharge. However, as 
noted earlier, this finding was more likely to occur with larger, healthier 
infants who had shorter lengths of stay. 
Additionally, Pineda’s study identified some of the barriers to 
breastmilk feeding of VLBW infants in the NICU, including diminished milk 
supply during the long weeks and months before these infants are able to 
be fed orally. There are many reasons for diminished milk supply, we only 
address a few, such as the fact that while breast pumps are necessary, 
they may impede milk production20-22. For example, a breast pump cannot 
stimulate a mother’s endocrine response in the same manner as a 
suckling baby. Infant suckling yields a surge of prolactin and oxytocin. 
Prolactin aids in milk production while oxytocin aids in milk ejection and 
hormonally stimulates bonding between mother and infant.20-22 In addition, 
there is evidence that these processes also program the body for long-
term milk production.20-22 Thus, pumping for several weeks as opposed to 
a shorter duration of time decrease the odds that these vulnerable infants 
will reap the benefits of direct-to-breast feeding. Facilitating skin-to-skin 
contact has been found to increase breastmilk production and can be an 
opportunity for first suckling at the breast to occur-23.  
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 As with most research, the benefit of this study is that it allowed 
identification of factors requiring additional investigation. Such factors 
include both the physiologic as well as the psychological factors affecting 
mother’s ability to provide direct-to-breast feeding of their VLBW infants 
and why some mothers who initiated direct-to-breast feeding did not 
provide multiple direct-to-breast feedings per day. 
Limitations 
While these findings are important in broadening our knowledge-
base, they are not without limitations. The study was conducted in only 
one setting, and that setting happens to be one where breastfeeding 
practices are well-supported. Given that this study was a retrospective 
chart review, there are some missing data as well as some variables 
needing to be inferred such as using surfactant as a proxy for RDS risk 
co-morbidities including length of ventilation and use of CPAP and thus, 
acuity of illness. In addition, since we used weight as a cut-off for study 
inclusion (as was done in the previous study) we did not consider some 
additional variables that could affect the results such as excluding infants 
who were less than or equal to 32 weeks since those that are older could 
be small for gestational age or had intrauterine growth restriction. Other 
variables not considered were provision of skin-to-skin contact, non-
nutritive breastfeeding (i.e. suckling which is not considered a feeding), 
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breastfeeding experience, distance from the hospital, etc. An 
observational prospective study might yield more comprehensive findings. 
 
-- Insert Summary Table Here -- 
Conclusion 
While mother’s whose very low birthweight preterm infants are 
admitted to a NICU face a host of challenges, providing breastmilk through 
discharge may not need to be one. Our evidence suggests that first oral 
feed being direct-to-breast increases the odds of being discharged still 
receiving some breastmilk. Thus, encouraging NICU staff to promote first 
oral feed being directly at-breast may have far-reaching effects for these 
high-risk infants and their families, improving physiological and mental 
health outcomes far into the future. 
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